Introduction
User-centered design relies on methods that elicit, describe, and interpret user experiences on the one hand and that provide room for designers' subjective insights on the other. 1 The methods typically used include surveys, post facto evaluations, user laboratories, brainstorming techniques, participatory design or co-design, and ethnography. 2 Among these methods, the use of ethnography has become widespread because it offers design researchers relatively less obtrusive methods of identifying users and eliciting data about how they live and what they do in their everyday lives. According to Fetterman, ethnography is "the art and science of describing a group or a culture."
3 Ethnography calls on researchers to participate in people's daily lives-watching what happens, listening to what is said, and asking questions. 4 In this sense, participant observation and semi-structured interviews require researchers to immerse themselves in people's lives by joining them in their everyday activities. 5 As a result, they are far from being unobtrusive. However, spontaneous, informal conversations in the course of other activities are one of the less obtrusive methods that allows the distinction between interviewer and interviewee to dissolve. 6 In joining ongoing conversations, ethnographers do not seek to establish a fixed sequence in which relevant topics are covered; they adopt a more flexible approach, allowing the discussion to flow in a way that seems natural. They do not have to restrict themselves to a single mode of questioning. 7 Similarly, through virtual ethnography, in which data can be generated through immersion in virtual worlds and virtual communities, even participant observation becomes less obtrusive. 8 With its anthropological and sociological origins, ethnography is an important method for any research that aims at a deeper understanding of people's lives. 9 In user-centered design, ethnographic methods are used to observe, talk to, and understand users to incorporate their views into the evaluation and creation of design solutions.
10 Ethnographies tend to bring to a design problem significant redundancy and broader contextual information by focusing on how people In this study, we tested a method intended to strike a balance between the impositions of structured surveys and the broader outcomes of ethnographies, eliciting design-relevant information while preserving the conceptions of users. One such method is cultural probes, conceived by Gaver, Dunne, and Pacenti.
11 Cultural probes rely on participants' self-documentation through photographs and narratives. This method is particularly helpful in environments where an observer's presence can distract from the everyday behavior of participants, such as in hospitals or domestic spaces. We investigated how data generated through cultural probes were interpreted by individual designers when they were expected to relate them to design ideas. To do so, we prepared cultural probes packages consisting of daily tasks and sent them to users, who voluntarily participated. After we received these packages with participants' records of completed tasks, we turned them over to designers and asked them to make sense of these data in terms of certain design tasks. The limited number of our participants prevented us from making broader generalizations; nevertheless, with the depth of the information we received from users and designers, we have sought to open up new perspectives and opportunities for further studies based on a user-centered design approach. Through follow-up interviews and a content analysis of designers' interpretations and idea generation, we identified concepts that would be helpful in generating user narratives and in embedding the narratives into design considerations.
Cultural Probes and Design Processes in User-Centered Approaches
Broadbent describes four generations in design methodology: craft methods, in which product information is transmitted through apprenticeship; design-by-drawing methods, in which design is separate from production; hard systems methods, directed to defining and solving problems in systematic order; and soft systems methods, based on the approach that designers should be aware of the social aspects of the everyday life of users.
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In addition, Bredies, Chow, and Joost present constructivist approaches, such as human-centered, participatory, non-intentional, and critical design.
13 Among these approaches, human-centered design aims at understanding all stakeholders and creating artifacts that make sense to them by seeking to understand the everyday life of users. Hannington divides user-centered research methods into three categories: traditional, applied, and innovative methods. 14 Traditional methods include market analysis, group discussions, and interviews, which typically produce knowledge of large masses of people and result in figures, statistics, and tables. However, the generalizable data extracted from a study of the satisfaction in particular market segments are not sufficient for designing mass-customized solutions because they do not disclose the needs of an individual customer. 15 Applied methods include observation and ethnography, as well as human-computer interaction (HCI) studies, using methods such as thinking aloud and heuristic evaluation. Research methods such as self-documentation, used in ethnography, sociology, and medicine, help to determine user expectations and to understand the use of technology. 16 Innovative methods are creative and projective and are used for collecting qualitative data from users regarding their values, dreams, and needs for further development of design.
17
At the intersection of applied and innovative methods, ethnography is widely used in user research. Ethnographic methods include participant observation, fieldwork documentation, and multi-leveled analysis of the data. 18 Because anthropological methods usually aim at describing what "is," and design is about creating something new, these methods need to be adapted to the aims and implications of design processes.
19
Supplementing ethnography-inspired methods (e.g., observations and interviews) is often done by applying empathic, experimental, and/or generative approaches in user studies. 20 Among these methods, we investigated cultural probes. Traditional ethnographic methods require researchers to spend long periods living in a culture to study it, whereas cultural probes offer a less obtrusive way of gathering information by asking participants to generate their own visual and narrative data.
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The cultural probes method was developed in the late 1990s in a research project titled Presence; it was financed by the EU, and participants included researchers and designers in many European countries. 22 Gaver et al. developed the method, which provides users with opportunities to self-document certain predefined tasks linked to design research questions, to create dialogue between designers and users so that designers might gain an empathetic understanding of the details of people's lives in different places. 23 The probes inspiring the self-documentation were regarded as useful in situations where observations in people's private accommodation would have been disruptive. 24 The data obtained via cultural probes were then introduced into the dialogue and the design process to inspire designers' innovations through a deeper understanding of potential uses.
A remarkable quality of cultural probes is their subjectivity and openness, as well as their ability to provoke discussion and encourage commitment to design processes. Mattelmäki introduced the term "design probes," based on Gaver's cultural probes, within the scope of user-centered design to describe a means of understanding human phenomena and exploring design opportunities. 25 Building on these approaches, Vaajakallio developed "design games," which connect co-design and game-like activities and use play, games, and performance to explore ways to reshape personal and collective experiences that open up novel opportunities for design and enhance empathic understanding of the research subject.
26
As Sleeswijk Visser et al. state, applying the cultural probes method to a large target group does not make sense because the objective of cultural probes is not statistical generalizations. 27 Rather, the participants must be motivated and experienced in the subject so that they can contribute productively. To that end, probes packages should offer participant volunteers both encouragement and the tools they need to report rich and useful data.
A probes package, prepared by designers or researchers, or by both in partnership, usually includes task books containing daily assigned tasks, as well as any equipment needed to facilitate these tasks. These tasks call on users to document their experiences, including actions, thoughts, attitudes, hopes, and moods in physical, social, and cultural contexts. 28 Keeping diaries, users document several events, so that a more credible and solid description of the person can be realized than a single designer can gain by observing from a single position. 29 In addition, photographs give users an opportunity to document what cannot be described easily. Maps and drawings provide designers with a sense of the living spaces and contexts in which the activities of interest take place.
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The tools used in cultural probes studies can always be improved, modified, or reinvented. One such example is Vaajakallio's design of "design games." 31 Similar to cultural probes, openended and ambiguous tasks in design games help the participants to propose new interpretations and alternative solutions in an empathic and playful way. In this context, the visual and tangible components of the design game materials are generative tools because design game materials aim at creating a platform for a shared focus of attention to establish and maintain dialogues and idea generation. As with generative tools, design games' outcomes represent participants' experiences, points of view, and dreams, and they also provide a documentation and reminder throughout the design process. The challenge in using all kinds of tools lies in motivating users and in analyzing the open and subjective entries. 33 To start the process, probes packages are prepared and given to participants, who are asked to follow the instructions in the task books and to work on the assigned tasks within the allotted times. According to Sleeswijk Visser et al., probes packages should encourage participants to do the work requested and make participants feel that they are taken seriously as experts of their own experiences. 34 Moreover, the questions explored via probes should be broader than the subject of the research they aim to support.
In summary, cultural probes reveal aspects of people's lives that are not easily accessible to designers by stimulating and inspiring the design of provocative interactive products and systems. Variations of cultural probes have been developed, including domestic probes, empathy probes, value probes, and technology probes. 35 In each case, the most important characteristic of a cultural probes study is to render participants "reflective practitioners" of their experiences.
36

Stories of Everyday Practices: Ironing at Home
To fulfill our aim of testing the probes methodology, we decided to work in the domestic probes domain. We looked into the practices of housework, such as cooking, cleaning, doing laundry, and ironing, which represent significant tasks in everyday life. Among these different types of housework, we focused on ironing because it is a part of a chain of complex tasks to be followed in a situated order: washing, drying, and collecting the clothes in a laundry basket; ironing them; and then folding or hanging them to be stored. Also, ironing requires certain products, such as the iron, ironing board, starch spray, laundry basket, and clothes hangers, along with adequate space in the home. Thus, the practice enables us to observe how the participants deal with different products in this system.
For the selection of participants, our priority qualifications included the performance of everyday housework that included ironing, and the motivation to participate in the cultural probes process. Participant users included three women who have a middle-class background, are married, have children, and perform housework and ironing on their own (see Table 1 ). Although the number of our participant users was limited, using probes with large numbers of participants is not considered feasible. 37 Our main objective was to describe an approach that could enable designers to use probe data in a systematic way, rather than generating more varied data on the practice of ironing. Thus, the limited number of participants did not cause any problems within the scope of this study. We sent cultural probes packages to users who volunteered to participate. We had conversations with each user to explain the aim and context of our research, explaining that the outcomes generated by this process would be analyzed by designers as important information in generating design ideas to improve users' housework experience. The users had no previous experience in participating in this kind of research and were concerned about "doing something wrong" during the probing process. We made clear that they could communicate with us whenever they had difficulties completing the tasks and stressed that all the feedback they provided us would be valuable. Finally, we delivered our ironing probes packages (see Figures 1 and 2) .
Our ironing probes package included a diary, a task book and a variety of projective tools as depicted in Figure 2 . Once packages were distributed to users, the probing process spanned seven weeks. The outcomes of the process included each user's completed tasks, daily narratives, maps, drawings, and photographs. Examples of data from completed tasks appear in Figures 3 and 4 .
After all users returned their descriptive materials reporting the completed tasks, we interviewed each user to elicit insights about the probing process itself, which included the following feedback:
• Users could not complete all activities requested in the task book in 10 days; users took an average of 15 to 20 days to complete all tasks.
• Users had to ask for operational help from household members for tasks that required drawing skills.
• In multi-layered tasks, such as "take a photograph and write down a description," users sometimes forgot or neglected one of the components of the task. • Users experienced difficulties taking photographs but had no problems writing narratives.
• Users enjoyed writing diaries.
• Users enjoyed taking photographs in response to abstract prompts, such as "best moment of your day" but had difficulties while taking photographs to document concrete or discrete tasks, such as "preparation for ironing." They were more motivated when instructions limited them to one or two photographs per task.
In terms of the ethnographic data collected, a structured analysis of the outcomes of the cultural probes was difficult for two reasons: (1) The sample size was too small; and (2) the subjective terms used by participants to convey thoughts, feelings, and experiences were difficult to compare, however, such comparisons were not the aim of this research. At this point, we concluded the process of generating and analyzing ethnographic data and transferred the completed probes packages to designers for examination and interpretation.
Cultural Probes as a Tool for Designers to Understand Users
In the process of design, designers can play numerous roles, including ethnographer, survey researcher, engineer, and human factors researcher, and many practicing designers today are also design researchers. In this context, note that we separated the research activity from the design activity because our main purpose in this research was to explicitly study how designers interpret user data in relation to cultural probes. The point we mainly want to make is that at a particular stage in the design process, empirical data would help designers overcome uncertainty about how to move forward. These stumbling blocks might occur during the design process, and they might also occur in preparing for the design process. We suggest that, at this point, designers who can competently interpret probes data can obtain greater clarity.
Designers
We invited designers who were interested in user-centered design-in particular, cultural probes-to voluntarily participate in our research: The four who participated were industrial designers with an average age of 30. They were familiar with ethnography and had some information on the cultural probes method. During our conversations, the designers asked questions about the cultural probes and their different applications. They learned that our aim was ultimately to construct a systematic approach that would allow designers to use the outcomes from probes.
The Design Task
Instructions to participating designers were as follows: "Please take these ironing probes packages as a starting point, and write down how you would make sense of them for a new ironing board design. You can also make drawings if you think they are helpful." Each of the participating designers had a product design background, and we assumed that they would generate ideas leading to the design of an industrial product. The instructions were intended to ensure that they would do so, rather than focusing on a service or system design.
The Procedure
The procedure with designers consisted of two sessions: an information and work session and a follow-up interview. The first session included a 15-minute information period and a 90-minute work period. First, we briefly explained our research and the cultural probes methodology, distributed the completed probes packages, and encouraged designers to ask questions or relate any concerns. We instructed designers to carefully review the completed probes packages to extract anything they considered important or useful for generating ideas and to annotate the process of arriving at preliminary design ideas. Then we left each designer alone for 90 minutes with the probes data and the design task.
The second session consisted of individual, informal 20-minute interviews with the designers. We asked how they related the information in the probes packages to their design process and asked them to help us understand their notes-their rearticulations of users' narratives and their interpretations in terms of generating ideas in response to the design task (see Figure 5) .
During the interviews, designers explained in detail what they enjoyed or found useful or difficult to understand in the probes packages, and how they related the data to preliminary design ideas.
Analysis of the Relation of the Probes to Designers' Inspirations
We analyzed how each designer interpreted the probes based on their annotations and the results of our interviews. We found remarkable similarities in the processes of the four designers.
All designers proceeded through the same formative steps: eliminating, categorizing, and summarizing the probes data of each user by writing, reformulating, and transforming them into design thoughts. We encouraged the designers to express themselves in any mode that was convenient for them (e.g., writing or drawing), and the outcomes of this research demonstrated that they preferred to represent their thoughts in writing. We also found that all the designers preferred to conceptualize and generate ideas for a new "system" or a new "experience" of ironing, rather than for an ironing "product" as instructed in the design task.
As expected, a content analysis of designers' writings and interpretations revealed that designers were highly selective when deciding what mattered among the data contained in users' completed probes packages. In our analysis, we identified the specific user tasks that corresponded to these design ideas, as indicated in Table 2 .
Users' responses to tasks eliciting sentiments about the (in)essentials of home environments included thoughts and feelings, likes and dislikes:
• Users' tasks for Day 8 and Day 9 focused on ironing practices and related experiences and generated the following responses:
• "Ironing Rule 3: Cool times of the days should be chosen (if it is summer). If it is winter, it should be done while watching TV." (User 3) • "It is important to iron the clothes sequentially that need to be ironed in the same temperature." (User 1) • "While ironing shirts, first the shoulders and then the back parts should be ironed." (User 2)
In recording their sentiments about ironing, users related likes and dislikes:
• "What I like most about ironing is … the smell of cleanliness that comes from the laundry at the beginning of ironing." (User 2) • "There were a few times when I forgot the iron was plugged in and continued doing other housework. I also have memories of dropping the iron to the floor and accidentally burning my arm." (User 3)
For the task of replacing the ironing board with alternative methods, users responded with these ideas:
• "… ironing clothes on the hangers" (User 1), and • "I would like to be able to iron on the floor. I really hate setting up the ironing board and then carrying it back to its place." (User 3)
The designers' notes tended to focus on narratives about users' home environment; the things users liked or disliked; and users' memories, experiences, and practices of ironing. Users had responded to these tasks by relating their experiences, rules, recommendations, and imagined alternatives. The notes written by the designers included the following:
• "Considering the ideas, such as, 'ironing on the floor,' we can assume that people don't like standing while ironing. (…) An environment that provides the user with different sitting facilities can be designed." (Designer 1) • "A new form of ironing board can be designed in a way that prevents the iron from falling." (Designer 2) • "Users have a traditional perception of ironing, and I don't think they will be open for products that propose radical changes in their ironing practices. I think the new design should not be far from a traditional ironing board, but it should offer more practicality." (Designer 4) • "An ironing board that will motivate the user to iron by combining this chore with other kind of works: For example, the ironing board transforms the heat energy, which comes out during ironing, into another form of energy to be used and thus helps in economizing; or a system that helps with losing weight." (Designer 3) • "Balconies and gardens are places women mostly like.
A new concept of ironing practice can be designed that is related to women's hobbies, such as growing flowers. Because the water that is left in the iron needs to be evacuated at the end of each ironing session, we can use this waste water for flowers." (Designer 1) • "The design of the ironing board can respond to the user's senses: It can give off different perfumes during ironing; look aesthetically pleasant; it can 'speak' to the user, especially to prevent dangerous situations." (Designer 2)
• "Considering that the users are complaining about how boring they find the practice and the time it takes, a new process of ironing can be suggested that embeds daily activities, such as watching TV or chatting with others, into this practice. To do that, the ironing equipment to be designed should have flexible qualities so that it can be adapted to environments where the user can be in social interaction while ironing." (Designer 4)
Our analysis revealed that designers tend to selectively use certain categories of ethnographic data, such as lifestyle and environment, experience and practice, and visual information and imagination.
Lifestyle-and environment-related analysis. In Figure 6 , concepts such as "environment" and "likes and dislikes" refer to user narratives about the routines of everyday life, as well as to general thoughts and feelings, descriptions, and confessions about daily situations, and references to things or situations they wished to have or to avoid in their domestic environment. We categorized these responses broadly, as "lifestyle." The transformation of the "lifestyle" concept into design was accomplished by focusing on users' positive emotions and expressions; designers sorted from these narratives especially what users had declared "good" and "meaningful." Designers then used these selected lifestyle stories to stimulate ideas for making ironing practices more enjoyablefor example, the "connection between watering flowers with the waste water from the iron" or "a wardrobe that irons clothes while they are on hangers."
Experience-and practice-related analysis. Categories in Figure 6 , such as "experience" and "practice," refer to users' descriptions of their own current ironing practices and past ironing experiences. With respect to this category, designers focused on described practices as "problematic situations" encountered by users, such as safety issues, physical stress and fatigue, difficulties with ironing board set-up and storage, and the time consumed in various phases of ironing. Accordingly, designers viewed problematic situations as opportunities to improve the functional qualities of ironing products. Conceiving of problems as opportunities led to preliminary ideas, such as, "a laundry basket that can be mounted below the ironing board" or "a foldable ironing board that looks like a piece of the furniture set of the living room when it is folded and does not need to be transported to or stored in another room."
Visual information and imagery-related analysis. One task in the probes package asked users to replace the "ironing table" with any imaginary thing and to illustrate their imagined alternative way of ironing with drawings and short captions. As expected, designers did not adopt the ideas of users directly, but they took these drawings and narratives as prompts that could lead to a deeper understanding of users' perceptions of ironing practices. Designers referenced these narratives to speculate on users' initial reactions to any potential new designs, and especially on whether users might welcome radical innovations. Accordingly, designers made inferences, such as "the new ironing board design should not have a radical look-only practical solutions should be offered," or "the user is not open to innovation; she should not feel a radical change in her ironing practice, but some practical support."
The categories derived from our analysis, as outlined in Figure 6 , can help designers in their initial encounters with ethnographic data. In sum, they can serve as a systematic approach that enables designers and design students to manage the variety and complexity of ethnographic data.
Conclusion
In this examination of the cultural probes method as a source of inspiration for designers, we asked how ethnographic data might be interpreted and translated into design ideas. In the process, we investigated two main issues: What types of probes data would be of interest to designers, and how might designers make use of these data? Our test demonstrates the usefulness of the cultural probes method for gathering ethnographic data relevant to design; it also reveals limitations of the method.
The most salient limitations are that users consider the probes packages "too structured" in terms of impositions on their daily lives and that interaction between the researchers and users during the probing process is lacking. Users related that they enjoyed the writing tasks; however, they had difficulties taking pictures and completing some tasks that required basic drawing skills. Conducting cultural probes with large numbers of users is usually not feasible. This limitation makes obtaining data representative of a large population of users difficult-but collecting representative data is not the aim of the cultural probes methodology. In addition, participation is time-consuming and requires a high level of commitment from participants. In our case, the limited number of users and designers who participated in this research is a reason to refrain from making broader inferences or generalizations. Thus, we framed our research as an initial study that identifies opportunities for further studies. Finally, recording experiences, thoughts, and feelings is a task quite unlike engaging in the everyday practices, and the extent to which the probes data are artificial or genuine is far from clear. In this sense, the use of observations and conversations could provide more indepth information if the probes had not involved a private domestic environment.
Despite these limitations, probes helped to minimize the possible effects of a researcher's presence by offering users the opportunities for and means of self-documentation. Also, users had a certain time period in which to think and write about the issues probed in daily tasks. The most important data emerging from the probes were users' narratives because designers preferred focusing on written text rather than on drawings or photographs.
We also have discussed how ethnography both resembles and differs from cultural probes in terms of the research process, the qualities of the collected user data, and their interpretation by designers. Although ethnographic methods, such as conversations, are less imposing for users, their use in certain research subjects can be problematic. Moreover, the variety and redundancy of the ethnographic data tends to make their analysis time consuming and even confusing as designers work to integrate them into their design processes. 38 In contrast, cultural probes are more instructive for users, and they still can be less obtrusive than some ethnographic methods, such as participant observation. 39 In addition, probes provide the designers with relatively more design-related data because the predefined tools and tasks are intended to create a dialogue and empathy between users and designers. They generate a common language through diaries, maps, photographs, drawings, collages, and "design games." 40 Such activities inspire reflective and generative concept searches, in which users are seen as design partners. 41 One of the remarkable outcomes of our study was that designers could be encouraged to document their own process of generating design ideas in the form of written texts and to use these texts as tools in their creative process-even though designers are generally assumed to prefer visual data to written texts. In addition, we observed that designers preferred to work on broader "concepts" rather than only on discrete "products."
The content analysis of designers' writings and their explanations during interviews demonstrated that among the user narratives in probes packages, designers focused on those containing expressions about lifestyle (expressions related to emotions in everyday life); experience (memories and practices of ironing); and imagery (wishes and expectations for a better ironing experience). In examining how designers make use of these narratives, we discovered that their interpretations rely heavily on users' expressions about (1) situations that evoke positive emotions related to lifestyle; (2) problematic experiences related to the situated practice; and, (3) expectations of and possible responses to innovation.
To conclude, the outcomes of our testing the probes methodology fulfilled the aim of this study and demonstrated that ethnographic probes data-and narratives in particular-can be handled in a systematic way in design practice. The categories we derived from analyzing designers' interpretive processes can help researchers frame the scope of ethnographic research for design, and thus avoid wasting time and effort. We assume that these categories can be improved and diversified in further studies using different research subjects that require an ethnographic approach. Ultimately, refining this categorical system might help designers and design students to embed user data, and thus deeper understandings of users, into their design considerations.
